Abstract: We calculate the back-to-back correlation (BBC) functions of relativistic boson-antiboson pairs in high energy heavy ion collisions using the Monte Carlo method. The relativistic effects on the BBC functions of φ φ and K + K − pairs are investigated. The investigations indicate that the relativistic effects on the BBC functions of K + K − pairs with large momenta are significant, and the effect is sensitive to the particle freeze-out temperature.
corresponding to k i (i = 1, 2). The other local variables are: c
where, K * µ 1,2 = (k * µ 1 + k * µ 2 )/2, u µ (x) = γ v [1, v(x) ] is source velocity, µ 1,2 (x) is pair chemical potential, and T (x) is source temperature, respectively. Eq. (13) gives the relationship between k * µ u µ (x) and k µ u µ (x), which will be used in calculating f k1,k2 (x) and n k1,k2 (x) for the expanding sources.
We take the source distribution in our calculations as
where C is the normalization constant, and R is the source radius. The source velocity is taken as
where u is a velocity parameter [5] . The emission time distribution is taken to be the typical exponential decay [2, [5] [6] [7] ,
where ∆t is a free parameter, and the effect of F (τ ) on the BBC function (4) is to multiply the second term by the factor [2, [5] [6] [7] . In the calculations of the BBC functions of boson-antiboson pairs, we take µ 1,2 = 0, and the parameters R and ∆t are taken to be 7 fm and 2 fm/c [5] [6] [7] .
For the considered source and with the sudden freezeout assumption [2, [5] [6] [7] , we have
where
and
Relativistic and non-relativistic results
In this subsection we present the BBC functions of φ φ and K + K − calculated by the Monte Carlo method. In the calculations of the integrations in Eq. (22), for a given k we generate the magnitude of r according to Eq. (15) and choose its angle with respect to k in random. Then, we calculate the integrands and sum them in the |k| bin. For the non-relativistic case, we use the approximation,
We show in Fig In Fig. 2 we plot the BBC functions of φ φ at k = 500 and 1000 MeV/c in non-relativistic [panels (a) and (c)] and relativistic [panels (b) and (d)] cases. At k = 500 MeV/c, k 2 /m 2 φ ≪ 1, the differences between the relativistic and non-relativistic BBC functions are very small. However, at the higher k, the differences between the relativistic and non-relativistic BBC functions are larger. In Fig. 3 we show the BBC functions of K + K − in non-relativistic [panels (a) and (c)] and relativistic [panels (b) and (d)] cases for the fixed freeze-out temperature T = 170 MeV and the velocity parameter u = 0 and 0.5. It can be seen that the peaks of the relativistic BBC functions are suppressed. Further, we plot in Fig. 4 the BBC functions of K + K − at k = 300 and 800 MeV/c in non-relativistic [panels (a) and (c)] and relativistic [panels (b) and (d)] cases. At the smaller k, the relativistic effect on the BBC functions is small. However, at the higher k, the relativistic effect is significant.
Relativistic effect on the BBC function
To examine the relativistic effect on the BBC functions of boson-antiboson pairs, we define D Rel as the relative difference between the relativistic and nonrelativistic BBC functions In Fig. 5 we show the relative difference of φ φ relativistic and non-relativistic BBC functions at T = 140 MeV. For u = 0, the values of D rel are negative. It means that the relativistic effect decreases the BBC function. The relativistic effect is small for low pair momentum and increases with pair momentum. At k = 0.8 GeV/c, the relativistic effect may decrease the peak of BBC function by 30%. For u = 0.5, the values of D rel are larger than those for u = 0. From Eq. (23) one can see that the nonzero u equivalently reduces the momentum for the large k, because Lorentz boost leads to a bigger weight for the smaller angle between k and r. So the difference between the relativistic and nonrelativistic BBC functions decreases for the equivalent small pair momentum. However, the magnitude of the second term in the curly brace in Eq. (23) In Fig. 6 we show the results of D rel for K + K − relativistic and non-relativistic BBC functions at T = 170 MeV. Because kaon mass is smaller than φ mass, the difference between the K + K − relativistic and nonrelativistic BBC functions are larger. It means the relativistic effect is important for K + K − BBC function. For k = 0.8 GeV/c and u = 0, one can see that the relative difference even reaches to 45%. For the largest u , only the D rel results for k = 0.3 GeV/c are a little greater than zero at large m * . It is because the small kaon mass decreases the contribution of the second term in the curly brace in Eq. (23). In Fig. 7 we show the results of D rel for the K + K − BBC functions at T = 160 MeV. One can see that the differences between the relativistic and nonrelativistic BBC functions become larger at the smaller temperature. The peak altitude of the BBC function is mainly determined by the particle distribution n k 1 , k 2 [1, 2] . For fixed k the difference between the k µ u µ values in the relativistic and non-relativistic cases is enlarged in n k 1 , k 2 at a small temperature [see Eq. (14)].
Summary and conclusion
We calculate the BBC functions of relativistic bosonantiboson pairs in high energy heavy ion collisions using the Monte Carlo method. The relativistic effects on the BBC functions of φ φ and K + K − pairs are investigated for different source velocities and pair momentum values. We find that the relativistic effect on the φ φ BBC functions at low pair momentum is small. However, at pair momentum k = 0.8 GeV/c and with zero source velocity, the effect may decrease the peak of BBC function by 30%. For a large source velocity, the non-relativistic BBC functions of φ φ appears as a slight distortion of lessening at small k values. Because kaon mass is smaller the relativistic effect on K + K − BBC function is more important than that on φ φ BBC function. For k = 0.8 GeV/c the maximum of the relative difference D rel for the K + K − BBC functions at T = 170 MeV may reach 45%. On the other hand, we find that the difference between the relativistic and non-relativistic BBC functions is sensitive to the particle freeze-out temperature. It becomes larger at a smaller freeze-out temperature. Further investigations of the BBC for hydrodynamical sources [9, 10] will be of interest. 
